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^ (54) Title: FORMULATION roNTAINING PHOSPHATE DERTV^^^ 

(57) Al»tract: There is provided an emulsion composition for therapeutic adminisUation comprising: (a) at least one mono-dectron 
O transfer agent phosfrfiate derivative; (b) at leas tone di-election transfer agent phosphate derivative; wherein the ainoant of mono- 
etectran transfer agent phosphate derivatives is no less than equimcto to the amount of di-electron transfer agent pho^)hate; and (c) 
a suitable cairier 
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Formulation Containing Phosphat D rivativ s of Electron Transfer Agents 
Field of the Invention 

Tlie inveadon relates to a dietapeutic formulation containing phosphate denvadves of 
electron transfer agents. Mote particukdy, this invention relates to a therapeutic formulation 
5 containing mono-electron transfer agent phosphate derivatives and di-electron transfer agent 
phosphate derivatives. 

The invention also relates to a detetgent composition containing surfiice active agents. 
Background of the Invention 

^thisspedfication,^whereadocumentyactoritemof kno^kdgeisrefer^ or discussed^ 
10 dus reference or discussion is not to be taken as an admission that the document act or item 
of knowledge oft any comhination thereof was at the priority date: 

(a) part of common general knowledge; or 

(b) known to be relevant to an attempt to solve any problem with vAmii this 
specification is concerned 

15 WhOst the following discussion concerns tocopherol and ^**i-tnql therapy, it is also to be 
imderstood that the same prradples apply to any application in which a therapeutic 
formulation containing electron transfer agents may be used* 

The skin is the largest organ of the body, and, among other things fonctions to protect the 
internal organs £com external dbemica], physical and pathological ^rr^*t\^ Normal skin is 
2D composed of an outer epidermis covering sub dermal layers, where each byer conc^rises 
different sections. The outer comified layer of tibe epidermis possesses properties of 
strei^, flexihility, high ckctdcal impedance and dryness that retards peneteation and 
prolifieiation of ixiicroo^amsms. The comified protective IsTer is formed by the migration of 
maturing ketadnocytes tfiat are formed at tibe junction of the dermis and epidermis. 

25 Vitamin E (tocopherc^ is an essential part of skin dynamics and is known to be very 
important for skin health, Tvith deficiency manifesting as a comified, scaly delicate skin, 
thickened epidermis^ scaling, lesions, chronic infection, inflammation and erydiema. Vitamin 
E is die main naturally occurring lipid soluble agent protecting the skin from stress and is the 
main lipid soluble agent protecting t h^ wipfy^Krft'n^ l^>ids fix>m peroxidation. 



Skin is subject to constant stxess due to esposute to everyday el^&nts — sun, wind and watex. 
As a result, it is comtoon fox many topical personal caie products such as lotions, 
moisturizers, shampoo and conditioners to contain vitamin E in various forms to assist in 
maintaintng skin health. In order to assist in tn^infaining skin healdi, it is necessary for the 
5 vitamin £ to reach the target area of die dermis. The most direct mediod of achieving diis 
tasting is to apply a topical formulation to die affected area. However, topical application of 
vitamin E to die skin using current formuladons has variable success due to the skin's ability 
to erect an impenetrable harder bo many outside elements. It is critical to provide for die 
penetration of vitamin E dirough the epidermis to the dermis. 

1 0 The use of fitee tocopherol is avoided because it is unstable, dierefore suitable dertTattves must 
be found. In die aUmentary canal, it has been found diat there is lipase activity which releases 
fitee tocopherol ficom the esters of tocopherol, typically the acetate ester. This lipase activity 
enables the use of tocopheryl acetate as a nutdtional source of Vitamin R 

In contrast, die sur&ce of die skin is deficient in lipase activity unless it is infected with 
15 mictDoxganisms that are able to d^est sebaceous excretions. Thus tocopheryl acetate must 
first diEfuse throu^ die epidetmis into die vital derma, where the cells have a vety limited 
%ase activity which releases the Vitamin R It is believed that topical formuladons using 
tocc^herol acetate have not been able to ddiver adequate tocopherol beyond the epidermal 
byers, and tfaetefoxe provide litde benefit Since tocopheryl acetate is a lipidic fn9f^9 \ 
20 requiring formulation with an oil in water emulsion^ absotpdon ficom such a formulation is 
less than optimaL 

The epidermis is permeable to water soluble substances, such as tocopheryl phosphate. Until 
now producers of formuladons containing tocopheryl phosphate utilized mono-tocopheryl 
phosphate isolated £com the mixture produced during phosphorylation. The phosphorylation 

25 has been typically achieved using phosphorous oxydaloride. The product was purifiied 
because it was believed diat the by-products were deleterious to the efQcacy of the mono- 
tocophetyl phosphate because not all die by-products were water soluble. The petceived 
deletenous efifects were considered significant enoug)b to justify the cost of complicated 
purification processes, lypicalfy^ the purification is performed by using ethanol to estt^ 

30 di-tocopheryl pho^hate and fi:ee tocopherol by-products. 



Summaryof th irifv ntion 

It has been found that the use of a non-putified ox setxii-pmified electron transfer agent 
phosphorylation therapeutic product is efiEcadous. In particulate the non-water sohible di- 
electron transfer ag^t phosphate dertvatiTes do not have a deleterious effect on die efBcacy 
5 of the diec^peudc product and may even provide a synergistic effect which results in beneficial 
properties xi^uch enhance die dermal penetcation and/ox efficacy of the mono-dectton 
transfer agent phosphate deiivaUves. 

According to a first aspect of the invendon, there is provided an emulsion composidon fox 
therapeutic administradon con^xising the follbwing: 

10 (a) at least one mono-electton transfer agent phosphate derivative; 

(b) at least one di-electron transfer agent phosphate derivative; 

wherein the amoimt of mano-dectron transfer agent phosphate derivative is no less 
than equimokx to the amount of di-electron tramfex agent phosphate derivative; and 

(c) a suitable carrier* 

15 According to a second aspect of the invention^ there is provided a method fox administering 
to a subject electron transfer agent phosphate derivatives comprising the step of administering 
an emulsion composition comprising the following: 

(a) at least one mono-dectron transfer agent phosphate derivative; 

(b) at least one di-electron transfer agent phosphate denvadv^ 

20 wherein the amount of mono-electron tcansfet agent phosphate dedvative is no less 

dian equimcdat to the amount of di-electron transfer agent phosphate d edvative ; and 

(c) a suitable rarrier* 

The term "electron transfer agenf is used herein to refer to the class of chemicals which may 
be phosphoxylated and which the non-phosphoxylated foxm) can accept an electron to 
25 generate a relatively stable molecular radical ox accept two electrons to allow the compound to 
participate in a xeversible redox system. Examples of classes of electron transfer agent 
conqxHmds diat may be phosphoxylated include hydroxy chromans including alpha, beta and 
gamma tocopherol^ tocols and tocotdenols in enantiomedc and xaecemic forms; quinols being 



the tedaced forms of vitamin Kl and ubiquinone; hydxosy caioraioids including xetino]; and 
ascorbic add. 

Hie phosphate d etivalive s of eLectton transfer agents comprise compotmds covalentfy bound 
by means of an oxygen to the phoq>horas atom of a phosphate group. The oxygen atom is 
5 typica% derived ftom a hydroxyl group on the dectron transfer agents. The phosphate 
derivattve may exist in the form of a &ee phosphate add, a salt thereof a di-phosphate ester 
thereby induding two mcrfecules of electron transfer agent; a mixed ester including two 
dbSerent compounds selected fiom electron transfer agents, a phosphatidyl compound 
wherein die fiee phosphate oii^^gen forms a bond with an alkyl ot substituted alkyl groi;^, or a 
10 complex with a complexing agent selected &om amphoteric sur&ctant; cationic suir&ctan^ 
amino adds having nitrogen foncticMial groves ox proteins rich in these amino adds.. 

Examples of accq>table salts of mono-tocopherol phosphate derbatives axe sdected fixmi the 
. gpyvp consisting of the di-sodtum, di-potassium, di-litfaium, di magnesium, mono-sodium, 
mono-potassium, mono-lithium, or mono-magnesium salts or mixtures thereof Preferabfy, 
15 the accq>table salts of dt-tocopheryi phosphate de riv a d ves are selected £com the sodium, 
potassium, lidstum or magnesium salts. The di-tocopheryl phosphate derivatives wfll usually 
only form a salt in die environment required to form the dirmetal salts of mono-tocophetyl 
phosphate derivatives. 

Preferably, the molar ratio of mono-electton transfer agent phosphate derivatives to di- 
20 electron transfer agent phosphate derivatives is in die range £com 85:15 to 65:35. There must 
be enough di-dectron' transfer agent phosphate derivatives to form, an emulsion and prevent 
die mono--electron transfer agent phosphate derivatives £com going con^letety into solution, 
but not so much direlectxon transfer agent phosphate derivatives dbat there is precdpitadon. 

The mixture of mono-dectron transfer agent phosphate derivatives and di-electcon transfer 
25 agent phosphate derivattves can be prepared by recombining tibe purified individual 
components ox by udng die unpuiified ox semi-purified reaction product of a phosphorylation 
process. Preferably, die mixture is obtained by using the reaction product of a 
phosphorylation process. The source of a mixture of tocopheryl phosphate derivatives is 
preferably die reaction product of the phosphoryladon of tocopherol using P4O10. 

30 The term *'accq>table carrier^ is used herein to refer to a carrier considered by diose sldlled in 
the drug, food ox cosmetic arts to be non-toxic when used to treat humans, aniniials ox plant in 
parenteral or enteral formulations. The f^mp^r diosen will depend on the route of 



ackomisttatiQn. logestible foimulatic»is includes tablets, capsmS; powdets, chewabk tablets, 
capsules, ocal suspensions, childten's foxmuladons, enteral feeds, nuttaceuticals and funcdonal 
foods. Pot a topical application, the canier typically comprises hydropbilic substances such as 
water, ^cerol, polyethylen^tfcol, sorbitol or propanol For example, the composition could 
5 be vised as a shampoo, hair conditioner, moisturizing cream or lotion or lipstick as a topical 
application. 

According to a third aspect of the imrention, diere is a process for preparing a therapeutic 
formulation containing phosphate d e r i v a dv e s of electron transfer agents comprising the steps 
of: 

10 (a) phosphorylating one or more electron transfer agents \ising P4O10 to form a 

mixture of at least one mono-electron transfer agent phosphate derivatty^e and 
at least one di-electron transfer agent phosphate derhratt^e; 

xdierein die amount of inono-electron transfex agent phosphate dedvatt^e is no less 
than equimolar to the amount of di-electton transfer agent phosphate dertvatt^e; and 

15 (b) combining the mixture of mono-electron transfer agent phosphate d ei ivat ive 

and di-electton transfer agent phosphate dedv a tiv e widi a suitable carrier. 

The mono-electron transfer agent phosphate derivatives have good water solubiUty, therefore 
before they can be absorbed into the skin or hair an aqueous topically applied composition 
must dry. In contrast direlectron transfer agent phosphate d erivadve s are not water soluble 

20 and cause the fortnation of an unstable emulsion when <^vlffi'ffA^ with water and other 
hydrophilic solvents. Without wishing to be bound by theory, it is noted that skin is 
hydrophobic so when the composition is spread onto die skin, die droplets in the emulsion 
are attracted to die skin. The tntrelles become unstable near a hydrophobic sur&ce and break 
so the mono-electron transfer agent phosphate derivatives are released onto die skin. The 

25 mono-electron transfer agent phosphate d e ri vative s can then difiuse through the epidermis 
into the derma. Therefore, di-electrcm transfer agent phosphate dertvatives (once considered 
a nuisance by-product) fonction as an efiSecttve spreading agent for die mono-electron transfer 
agent phosphate derivatives. 

Again, widiout wishing to be bound by theory, it is considered necessary for a product which 
30 is being ingested to have several types of sur&ce activity indoding detexg^cy and appropriate 
sur&ce tension to facilitate absorption. Mono-diectron transfer agent pho^hate d erivative s 



may bare sttoog detetgency but do not hxn sufEdent sut&ce tSa^on effects. Thetefote, tibie 
floixtore of mono-ekctton transfer agent phosphate dertratrres and di-dbctton transfer agent 
phosphate d etivaiive s having self-emulsificatbn properties which inchide both types of 
sur&ce activity, that is, strong detergency and strong surfiice tensions, will be better absorbed, 
5 espedalty in the small intestine. 

It has surprisingly further been found diat pure mono-tocopheryl phosphate and its salts ate 
powerful sur&ce active agents and detetg^ts giving a staUe foam. 

According to a fourth aspect of the iavention, there is provided a detergent composition 
comprising a sur&ce acdve agent selected fix>m the group consisting of mono-tocopheryl 
10 phosphate, its salts and mixtures thereof 

There is also provided a mediod of increasing the sur&ce activity and detecgency of a 
compositicm by addbog a surface active agent selected £tom the group consisting of mono- 
tocopheryi phosphate, its salts and mixtures diereof 

A^in, whilst not wishing to be bound by dieory, it is diotight that this deteigent property may 
15 be due to die fiurt that mono-tocopheryl phosphate is in the form of a polar head and a non- 
poIartaiL In contrast, di-tocopheryi phosphate has 2 non-pol^ tails and a pdarcent^ 
which makes it sur&ce active but it is not a detetg^t because at hig^h concentcaticHis it 
accumulates in die sur&ce layer of the composition and acts as a foam breaker because die 
sur&ce becomes predominantly non-polar. 

.20 Examples 

The invention will now be further illustrated and explained by reference to die following non- 
hmitmgi 



Example 1 

In diis exan^le, a therapeutic formulation according to the invention was prepared using 
25 tocopherol as the electtcm transfer agent 

Preparation of the tocopheryi p^oyyph^^ ^^^rr 

Take 500 g dl-a^ha-4ocopherol and mix with a hi^ shear mixer 4 afiquots each of 21g of 
P40,o ^ )2 noinute intervals, holding the temperature above 60®C While the mixture is stiD 
hot, add over tS hours g of sodium faydroside which has been dissolved in 62.5 g of 
30 water at 50^C to hydrofyse and neutralise die tocopheryl phosphates. Hie product was cooled 



to amhieat tempetatote then fiirther cooled vnl3i liquid nittogc^o ghre a htitde ptoduct tViat- 
was ground to a powder and dned under Tacuum. 

The mole ratio of mono-tocophetyl phosphate to di-tocophexyl phosphate was appxoxiiiiatdy 
70:30. The ptoduct contained mono and di sodium tocopheryl phosphate (approx. 65-85% by 
5 mole), sodium di-tocophezyl phosphate (^pzos. 10-35% by mole) and some sodium di- 
tocopheryl pyrophosphate. 

Preparation and application of the topical fo rtrmlfltt^^ 

Ihe dded powder was dispersed in water as a 5% solution. 1 0 ml of this solution was applied 
to die hands to giye a satis&ctory q>plication of the tocopheryl phosphates to the skin. 

10 Example 2 

Ihe skin penetration propetdes of a mixture of mono- and di-tocopheryl phosphates 
according to die invention were cofiofKued to tocopheryl acetate. 

The test materials are made up on the basis of 5% mixed actives (mono-tocopheryl phosphate 
15 (TP), di-tocopheryl phosphate (T2P) ot tocopheryl acetate) in a vehicle consisting of 95/5 
distilled water/etfaanol with pH a^usted Q£ necessary to 6.5-7.0 with dtric add ot dilute 
NaOH), 

TP «id TOP (jm^^^ j^nAtntt^ ^\f^) 

A slurry of 6.25 w/w % of 80% mi^ TP and T2P in 93.75 w/w % of die 95/5- 
20 water/ethanol mixture was ptq>ared. 



Active 


TP&T2P 




(micrc^ltams per applied dose) 


tocopheryl phosphate 


252 


di-tocopheryl phoq>hate 


1194 


tocopherol 


24 
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TP and TZP completed 

The TPC used was kurylrimino di-pxopionic add tocopheryl phosphate, a siudEace-acti^e 
amphotetic phosphate ester complex formed from lavuyl imino propionic add (Dedphat 160) 
and tocopheryl phosphates. The solution was based on 40% active mixed phosphates as the 
5 ktter is reacted/combined in a 60/40-amphoteric/mixed-'phosphate weight ratio (1-9-1 mole 
ratio). 12.5.w/w % of die complex was dissolral in 87.5 w/w % of 95/5 water/ethanol 
mixture: 



Active 


TP and TZP complcxed 




(micrograms per applied dose) 


tocc^heryl phosphate 


188 


di-tocopheryl phosphate 


713 


Toaq>hexol 


20 



10 TpPQpheiylAcmte 

Tocopheryl acetate is obtained from Roche/BASF. 5.0 w/w % of tocopheryl acetate was 
dispersed in 95.0 w/w % of 95/5 water/ethanol nuxture. 

Method 

The test fbrmuladons are evaluated in in wtro human skin penettadon studies. Samples are 
15 analyzed for the mono- and di-tocopheryl phosphates, free a^ha-tocopherol, and tocopheryl 
acetate by higji performance liquid chromatography (HPLQ, The tests are conducted by 
DermTech International ^an Di^o^ CA). Human cadaver skin samples are obtained and 
prq)ared. Eadi fotmulation is evaluated on tt^pHcate sections from each donor at a topically 
appHed dose of 5 ^L/cm^ Receptor sohidons are collected over 48 hours at pre-sdected ritni* 
20 intervals. After 48 hours die skin sur&ce is washed widi isopropyl alcohol, and the skin is 
collected and split into epidermis and dermis. The skin sections are extracted with isc^ropyl 
alcohol An cdkcted san^des are ptocessed and assayed for tocopherol, tocopheryl acetate, 
tocopheryl pho^hate and di-too^er]^ phosphate. 

Mass balance from the samples is between 80-120% of the appUed dose. 



No tocophexols ate observed in the leceptor sohition. This c8i3d be a result of amounts 
being hdxjw limits of detection, or degradation of the various tocopherol species into othei; 
as yet undharacterized, compoxmds. 

TABLE 1 :SKIN PENETRATION STUDY 

5 (Percent Distribution of Tocx)pherols Recovered; wt/wt %). 



Tfeatment 



TP&T2P 
(mixed sodium salts) 



Surface wash 



Epldemfiis 



Dermis 



Derm^Epldermis Ratio 



TP & T2P complejced 



Surface wash 



Epidermis 



Oermis 



Dermis/Epldermis IRatio 



Tocopherol Acetate 



Surface wash 



Epidennis 



Dermis 



0«mis/Epldermfs Ratio 



a-Tocophefol 



65.05 



28.74 



8J24 



0.31 



50.00 



35.99 



14.07 



0.39 



a-Tocopherol 



91.48 



7.13 



1.39 



0^ 



TP 



41.40 



47.06 



11.42 



0.24 



48.82 



24.55 



26.62 



1.08 




i 



mm 



mm 



56.05 



37.31 



6.62 



0.18 



mm 



70.92 



16.67 



12.36 



0.74 



V. -.1 



l..v,T.v -ilj 



-0r 



i1 



Conclusions 

Ihe results demonstrate diat the indusion of 20 to 30% of T2P in the formulation did not 
have a ddetcrious e£Fect on the performance of die tocopheryl phosphate product Fiuthei^ 
10 both of tibe TP/T2P mixtures were more efficiently transported iato die dermis than die 
tocopheryl acetate product 
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ExampI 3 

In dus example^ a nxixtute was ptepkted compxisiiig mono-ubiquinyl phosphate and di- 
ubiqtdnTl phosphate made accotding to the invention. 

lOQg of uhiqiunoae was patdalty dissolved in 20QtQl of hot g^dal acetic add. To die 
5 vigoxously stitted sohtdon, small amounts of 2inc (total of 30g) wete added until the solution 
changed £tom yellow to gteen and dien became colodess. The hot sohidon was filteied and 
the unreacted zinc was washed 2 mote times (5QmI) widi hot ^ctal acetic add to tecover any 
temainiog ubiquinoL Gladal acetic add was temoved from the ubigdnol by vacuum 
distilladon or by coohng the solution to 0**C and filteting off the ctystallized ubiquinoL To 
10 fucdiet temove any ttaces of acetic add, the uhiquinol was placed under high vacuum (1mm 
Hg) for a period of 2 houts. 

The ubiquinol product was treated immediately by heating to lOO^C and adding 33g of 
The mixture was stirced far 3 hours and then 500 ml water was tnttoduced slowly into the 

mixtiue. The taayetatnte of Ac reagriftn mn ttkiklnta\fyt^ bf^low boffiog point fot a 
15 fbrAer 1 honr. Removal of water ytMfA iiKi<pi^ny]| phoffphatrff and pho^horic add The 
phosphoric add was partial^ removed by furdier washes vriAi hot water. 

The final product consisted of 139g of mono-ubiquinyl phosphate^ di<>ubiquinyl phosphate 
and phosphoric add. The product was analyzed by '^P NMR and the molar ratio of mono- 
ubiquinyl phosphate : di-ubiquinyl phosphate was 76:24. 

20 Example 4 

In this example, the sur&ce active properties of mono-tocopheryl phosphate was investigated. 

0.1 g of pure di-sodium mono-tocophexyi phosphate was dissolved in 10 ml of pute distilled 
water in a 50 ml cyUndncal stoppered vessel The vessel was shaken on a test tube agitator 
and die headspace filled widi stable foam. Ihe foam was examined on a daily basis and 
25 showed con^lete stabili^ for one d^ and dien slowly d^raded over the rest of the four-day 
penod 

Mono-tocophetyl phosphate is therefore a sur&ce active agent widi detergent properties. 

Hie word 'comprising^ and forms of the word 'comprising' as used in this descripdon and in 
die claims does not Hmit the invention H^<fn<^ to excfaide any variants or additions. 



Modifications and improvements to die invention will be xeacfi^^ppaxent to diose skilled in 
die att Sudi modifications and improvements ate intended to be \nltfain the scope of this 
invention. 



12 



WHAT IS CLAIMED IS: 

1. An etnulsioii con^posidon for therapeutic adtninistcatioB cotnpming: 

(a) at least one mono-ekctron transfer agent phosphate detmti^e; 

(b) at least one di-electton transfer agent phosphate deri^att^e; 

wherein die amount of mono-election tcans&r agent phosphate dettvattTe is no less 
than equimolar to die amount of di-electzon transfer agent phosphate derivative; and 

(c) a suitable carrier. 

2. A cotnposition according to daim 1 wherein the molar ratio of mono-^ectxon transfer 
agent phosphate derivative to di-electron transfer agent phosphate derivative is in the 
range £tom 85:15 to 65:35. 

3. A composition according to daim 1 wherein the mono-electron transfer agent 
phosphate dectvative and die di^electron transfer agent phosphate derivattve are 
derived £tom a^ha-tocopheroL 

4. A con^sidon according to daim 1 wherein the mono-electron transfer agent 
phosphate derivative and die di-dbctron transfer agent phosphate derivative are 
complexed widi a completing reagent sdected &om amphoteric surfactants, cadonic 
sur&ctantSy amino adds having nitrogen fvincdonal groups and proteins rich in these 
amino adds. 

5. A method for administering to a subject phosphate detivattves of electron transfer 
agent comprising die step of administering an emulsion composidon comprising the 

- fisUowing: 

(a) at least one mono-dectron transfer agent phosphate derivative; 

(b) at least one di-dectran transfer agent phosphate derivative; 

wherein die amount of mono-electron transfer agent phosphate derivative is no less 
than equimolar to the amount of di-electron transfer agent phosphate derivative; and 

(c) a suitable earner. 

6. A process fot prq^ating a thetapmtic formulation containing phosphate dedyattves of 
electron transfer agents con^dsing the st^ o£ 



# 

(a) phosphoxyladng one or more electron transfer l^&ts using P4O10 to form a 
mixture of at least one mono-electron transfer agent phosphate derhratrre and 
at least one di-electron transfer agent phosphate derivative; 

wherein the amount of mono-electron transfer agent phosphate derivative is no less 
dian equicQokr to the amount of di-electron transfer agent phosphate dertvative; and 

(b) combining the mixture of mono-electron transfer agent phosphate derivative 
and di-electron transfer agent phosphate derivative with a suitable rafrier. 

An emulsion cQn^>osition for topical application comprising: 

(a) at least one mono-tocopheryl phosphate derivative; 

(b) at least one di-tocopheryl phosphate derivative; 

wherein the amount of mono-tocopheryl phosphate derivative is no less dian 
equimc^ to the amount of a di-tocopheiyl phosphate derivative; and 

(c) a suitable rAiMnt^r 

A conq>osition cmnprising a surface active agent selected bom the group consisting of 
mono-tocopheryl phosphate, its salts and mixtures thereof 

A mediod of increasing the sur&ce activity and detei^gency of a con^osition by addtog 
a sur&ce active agent selected ficom die gcaup consisting of mono-tocopheryl 
phosphate, its salts and mixtures thereof 
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